ABSTRACT Massive early-type galaxies represent the modern-day remnants of the earliest major star formation episodes in the history of the universe. These galaxies are central to our understanding of the evolution of cosmic structure, stellar populations, and supermassive black holes, but the details of their complex formation histories remain uncertain. To address this situation, we have initiated the MASSIVE Survey, a volume-limited, multi-wavelength, integral-field spectroscopic (IFS) and photometric survey of the structure and dynamics of the ∼ 100 most massive early-type galaxies within a distance of 108 Mpc. This survey probes a stellar mass range M * 10 11.5 M and diverse galaxy environments that have not been systematically studied to date. Our wide-field IFS data cover ∼ 2 effective radii of individual galaxies, and for a subset of them, we are acquiring additional IFS observations on subarcsecond scales with adaptive optics. Dynamical orbit modeling of the combined data will allow us to simultaneously determine the stellar, black hole, and dark matter halo masses. The goals of the project are to constrain the black hole scaling relations at high masses, investigate systematically the stellar initial mass function and dark matter distribution in massive galaxies, and probe the late-time assembly of ellipticals through stellar population and kinematical gradients. In the present work, we describe the MASSIVE sample selection, discuss the structural and environmental properties of the selected galaxies, and provide an overview of our basic observational program and science goals.
INTRODUCTION
The most massive early-type galaxies in the local universe are powerful probes of galaxy evolution. They formed most of their stars rapidly at redshifts z > 2 (e.g., Blakeslee et al. 2003; Thomas et al. 2005 ) but have grown in number and size by a factor of two or more since z ≈ 1 (e.g., Daddi et al. 2005; Trujillo et al. 2006; Faber et al. 2007; van der Wel et al. 2008; Damjanov et al. 2009; Cappellari et al. 2009; van Dokkum et al. 2010; van de Sande et al. 2011) , probably in large part through dissipationless merging and accretion (e.g., De Lucia et al. 2006; Boylan-Kolchin et al. 2006; Naab et al. 2009; Oser et al. 2010; Thomas et al. 2014) . They contain nuclear black holes whose masses are strongly correlated with properties of the stellar bulge (e.g., Magorrian et al. 1998; Ferrarese & Merritt 2000; Gebhardt et al. 2000; Tremaine et al. 2002; Marconi & Hunt 2003; Häring & Rix 2004; Gültekin et al. 2009; Beifiori et al. 2012; McConnell & Ma 2013; Kormendy & Ho 2013) . These scaling relations between black holes and their host galaxies imply co-evolution between these two components over the lifetime of a galaxy, but the detailed mechanisms remain uncertain.
Integral field spectroscopy (IFS) over a wide radial range provides an effective tool to study the spatial and kinematic structure, star formation histories, and stellar and dark matter halo masses of local galaxies. While many IFS surveys are ongoing, such as VENGA/VIXENS (Blanc et al. 2013) , CALIFA (Sánchez et al. 2012) , SLUGGS (Brodie et al. 2014) , and eventually MaNGA (Bundy et al. in preparation) and SAMI (Croom et al. 2012) , there are none that probe the volume, mass range, or spatial scales required to systematically study the most massive elliptical galaxies, a regime that is critical for understanding the assembly of galaxies and supermassive black holes. The ATLAS 3D project ) surveyed 260 galaxies within 42 Mpc. Because of their relatively small survey volume, only a handful of galaxies had stellar mass M * ∼ > 10 11.5 M . Their field-of-view of 33 ×41 provided coverage within one half-light radius of most of their sample galaxies.
In this paper we describe MASSIVE, a volume-limited, multi-wavelength, spectroscopic, and photometric survey of the most massive galaxies in the local universe. The sample includes 116 candidate galaxies in the northern sky with distance D < 108 Mpc and absolute K-band magnitude M K < −25.3, corresponding to stellar mass M * ∼ > 10 11.5 M . MASSIVE is designed to address a wide range of outstanding problems in elliptical galaxy formation, including the variation in dark matter fraction and stellar initial mass function (IMF) within and among early-type galaxies, the connection between black arXiv:1407.1054v1 [astro-ph.GA] 3 Jul 2014 hole accretion and galaxy growth, and the late-time assembly of galaxy outskirts. We combine comprehensive ground-based NIR imaging with IFS data to measure stellar populations and kinematics out to ∼ 2 effective radii. Using the Mitchell Spectrograph (formerly called VIRUS-P; Hill et al. 2008) at McDonald Observatory, we cover a 107 × 107 field of view with 4 fibers. Thus, we are sensitive to low surface-brightness emission in the outer parts of the galaxies (e.g., Murphy et al. 2011; Adams et al. 2012; Greene et al. 2012) For a subset of galaxies, we are obtaining additional adaptive-optics assisted IFS data to map the stellar kinematics on ∼ 100 pc scales, within the sphere of influence of nuclear black holes. While the high resolution data are required to model the supermassive black hole, they are not sufficient, due to degeneracy between the dark matter halo, the stellar mass-to-light ratio, and the central black hole mass (Gebhardt & Thomas 2009 ). Thus, the IFS data on both scales are combined for simultaneous modelling of the supermassive black hole, stellar bulge, and dark matter halo (e.g., Schulze & Gebhardt 2011; McConnell et al. 2011a McConnell et al. ,b, 2012 Rusli et al. 2013b ; Thomas et al. 2014) .
The selection of the galaxy sample for the MASSIVE survey is described in Section 2. Since this survey is volume-limited and defined by the stellar masses of the galaxies via their K-band luminosities, we discuss in detail the determinations of distance and absolute K−band magnitude. Basic properties of the survey galaxies such as stellar mass, size, velocity dispersion, shape, color, and central black holes are presented in Section 3. We illustrate the distinct demographics of these galaxies and compare their locations in parameter space with lowermass early type galaxies. In Section 4, we investigate the larger-scale environments of these massive galaxies using three 2MASS-selected galaxy group catalogs within the local volume. Our observing strategies with large-format IFS, AO-assisted IFS, and deep K-band imaging are discussed in Section 5. Sample spectra from the Mitchell IFS and kinematic maps of NGC 1600 are shown. We discuss the primary science goals of the survey in Section 6. Appendix A tabulates the 116 candidate galaxies in the MASSIVE survey and their key physical properties. Appendix B provides a montage of the 76 MASSIVE galaxies with SDSS photometry.
We assume H 0 = 70 km s −1 Mpc −1 throughout the paper.
SAMPLE SELECTION

Overview
The main selection criteria of our survey are summarized in Table 1 . The survey volume of radius D < 108 Mpc is chosen to be large enough to encompass the Coma cluster. This volume is more than an order of magnitude larger than that probed by ATLAS 3D , enabling us to obtain a statistical sample of early-type galaxies at the highest end of the galaxy mass function. The corresponding redshift limit is cz < 7560 km s −1 or z < 0.025 (for H 0 = 70 km s −1 Mpc −1 ). Within the survey volume, our goal is to select galaxies above a given total stellar mass. Since selection based on K-band luminosities is close to a stellar mass selec- tion, particularly for these red galaxies, we use the nearinfrared K-band magnitude from the Extended Source Catalog (XSC; Jarrett et al. 2000) of the Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006 ). This catalog contains photometric measurements in the J, H, and K bands of ∼ 1.6 × 10 6 objects with K ≤ 13.5 mag. The data have a mean photometric accuracy better than 0.1 mag and are mostly unaffected by interstellar extinction and stellar confusion, although the 2MASS luminosities may be systematically underestimated for very extended objects (see Sec 2.3).
Peculiar velocities add uncertainties to the determination of distances and absolute magnitudes, and consequently the selection of our sample. We use the 2MASS Galaxy Redshift Survey (2MRS; Huchra et al. 2012 ) and the group catalog based on 2MRS (Crook et al. 2007 ) to correct the radial velocity-derived distances. We begin with an initial velocity cutoff corresponding to a redshiftdistance of 140 Mpc and M K < −22 and correct for peculiar velocities for galaxies in the 2MRS group catalog (see Sec 2.2). We then select those galaxies with D < 108 Mpc, M K < −25.3 mag, declination δ > −6
• , and galactic extinction A V < 0.6.
Finally, we restrict our sample to galaxies classified as elliptical or S0 in the HyperLeda database 1 (Paturel et al. 2003) . We remove 15 galaxies from the sample because their photometry is compromised by either a foreground star or a companion galaxy, and the stellar mass is likely to be overestimated. We do not remove any galaxies based on their size on the sky; in practice, all galaxies in the survey have effective radii larger than 10 (listed in Table 3 ) and are therefore well-resolved by the 4 fibers of the Mitchell Spectrograph.
This set of selection criteria results in 116 candidate galaxies listed in Table 3 . Among these, 71 galaxies have M K < −25.5 and D < 105 Mpc and are our high priority targets. We are obtaining deeper K-band imaging to improve on the relatively shallow photometry provided by 2MASS. The more robust measurements of the total K-band magnitude for our candidate galaxies will help alleviate the uncertainties near the magnitude and distance cutoffs and sharpen the survey boundaries and the final sample size.
Below we describe the key selection criteria in more detail.
Distance
We need accurate distance estimates to determine both the absolute K-band magnitudes and the volume cutoff. A small number of our candidate galaxies have distances measured from the surface-brightness fluctuation (SBF) method. For most of our sample galaxies, accurate distance measurement via the SBF method requires highresolution Hubble Space Telescope (HST ) imaging (e.g., Blakeslee et al. 2009 Blakeslee et al. , 2010 . Only 9 galaxies in our survey have existing SBF distance estimates for either the individual galaxies or the groups in which they reside; we adopt SBF distances for these. Among these, three are in the Virgo cluster (NGC 4472, 4486, 4649) at 16.7 Mpc (Blakeslee et al. 2009 ), four are in the Coma cluster (NGC 4816, 4839, 4874, 4889) at 102.0 Mpc (Blakeslee 2013) , and two are in the Perseus group (NGC 7619 and 7626) at 54.0 Mpc (Cantiello et al. 2007) .
For the rest of the sample, we assign the distances in one of two ways, depending on whether a galaxy is identified as belonging to a group. For galaxies in groups, we correct for local peculiar velocities using group-corrected redshift distances; for galaxies not in groups, we use redshift distances based on radial velocities corrected with a flow model, as described below.
To determine group membership, we use the catalog of galaxy groups constructed from the friends-of-friends (FOF) algorithm applied to 2MRS (Crook et al. 2007 ). The 2MRS contains follow-up spectroscopic data and redshifts for a subset of 43,533 galaxies in 2MASS. It is 97.6% complete down to K = 11.75 mag over 91% of the sky. The median uncertainty in the radial velocities for galaxies with absorption-line spectra is 29 and 41 km s −1 , respectively, for the two main spectrographs used in the survey. Crook et al. (2007) present a catalog of galaxy groups using the 2MRS redshifts. It is complete to a limiting redshift of 10 4 km s −1 . The high-density-contrast (HDC) catalog in this work provides galaxy membership in groups that have a density contrast of 80 or more, corresponding to FOF linking parameters of 0.93 Mpc (for h = 0.7) in the transverse directions and 350 km s −1 along the line of sight.
For galaxies that reside in HDC groups with three or more members, we use the mean group distance from the HDC catalog, converted from H 0 = 73 km s −1 Mpc −1 to our adopted value of 70 km s −1 Mpc −1 . The group distance is determined using velocities from the flow model of Mould et al. (2000) to account for the most obvious local distortions and large-scale flows. The model first converts from the heliocentric frame to the Local Group frame, and then adjusts the redshift-inferred distances of galaxies near the Virgo Cluster, Shapley Supercluster, and the Great Attractor region.
2 Then, the Local Group frame velocities for all galaxies are corrected for the estimated gravitational pull of the Virgo, the Great Attractor, and Shapley mass concentrations.
For galaxies not residing in any HDC group, we assign the distances using velocities from the same flow model (as provided by NED and converted to our H 0 ) to ensure that the distances for group and field galaxies in our survey are computed in the same rest frame.
While we have used the best available distance measurements (listed in Table 3 ), uncertainties will unavoidably cause a small fraction of the galaxies near our mass and distance cutoffs to move into and out of the sample. We have attempted to quantify the outstanding distance uncertainties by comparing our adopted distances with the redshift-independent distances tabulated by NED for 39 objects in our sample. We find the mean offset to be 1.5 Mpc, but ∼ 20% of the cases differ by > 10 Mpc. Obtaining more SBF data with HST would significantly improve the distance measurements to MASSIVE galaxies and thus refine the sample near the survey cutoffs.
2.3. K−band magnitude The 2MASS XSC database provides a variety of magnitude measurements for each extended source in the J, H, and K bands. To determine each galaxy's absolute Kband luminosity, we begin with the "total" extrapolated K−band magnitude (XSC parameter k m ext), which is measured in an aperture consisting of the isophotal aperture plus the extrapolation of the surface brightness profile based on a single Sérsic fit to the inner profile (Jarrett et al. 2003) . We compute the absolute K-band magnitudes using
where K is given by k m ext, and D is the distance in Mpc described in Sec 2.2. We use galactic extinction A V (Landolt V ) from Schlafly & Finkbeiner (2011) and the reddening relation of Fitzpatrick (1999) with
The values of K, A V , and M K for all galaxies are listed in Table 3 . These K−band magnitudes form the basis for our selection and are used to estimate stellar masses ( § 3.1). The relatively shallow photometry provided by 2MASS XSC (the 1-σ sky noise in K is 20.0 mag arcsec −2 ) has led to some concerns that the K-band luminosities of massive galaxies are underestimated by 2MASS (e.g., Lauer et al. 2007b; Schombert & Smith 2012; Kormendy & Ho 2013) . When the radial range is too small to provide an accurate Sersic index for the light profiles of earlytype galaxies, their total luminosities can be particularly biased low.
To assess the impact of potential biases in 2MASS K-band magnitudes on our galaxy selection, we examine the sample of 219 early-type galaxies targeted for an HST imaging study in Lauer et al. (2007b) . We use V − K = 2.98 (Kormendy & Ho 2013) to transform the V -band luminosities (largely based on the RC3 Catalog) in their sample to the K-band. A total of 31 galaxies in this sample lie within our survey volume of D < 108 Mpc and above the luminosity cut of M K = −25.3; among these, 18 have δ > −6
• and would belong to our survey if the deeper V -band photometry and V − K relation were used to select bright galaxies.
3 We find 17 of the 18 to be in our MASSIVE sample; our K-band selection therefore does not appear to be much affected by potential systematic underestimates in 2MASS K based on this test. The exception is NGC 545, which is not listed in 2MASS and therefore was never in consideration for our survey. NGC 545 has a close companion NGC 547, which is in 2MASS and made our selection cut, but it is not included in our final sample due to the possible contamination from its neighbor (Sec 2.5). We are acquiring deeper K-band photometry (Sec 5.3) for more robust measurements of the total magnitude for the galaxies in our sample. This dataset will reduce the uncertainties near our magnitude and distance cutoffs and help us determine the final sample size for IFS observations. Figure 1 highlights the distinct parameter space in distance and stellar mass occupied by MASSIVE galaxies. Only 6 galaxies in this survey were included in ATLAS 3D : three are in the Virgo Cluster: NGC 4486 (M87), NGC 4472 (M49), NGC 4649 (M60); the others are NGC 5322, NGC 5353, and NGC 5557. 4 The larger survey volume (by more than a factor of 15) allows us to sample the galaxy mass function at M * 10 11.5 M . M87, on the other hand, has M K = −25.31 mag according to the XSC and is only slightly above our magnitude cut. Analysis of deeper photometric data, however, finds M K = −26.08 mag, a factor of two more luminous (Läsker et al. 2014) . Although M87 is likely to be a worst case because of its angular extent on the sky, this large discrepancy highlights the need for deep, homogeneous, wide-field imaging, which we are obtaining for our sample 4 We exclude NGC 2974 from this list and our survey even though the 2MASS XSC gives K = 6.24 mag with a corresponding M K = −26.16 mag. A V = 9.2 mag bright star BD-03 2751 is 43" away, whereas the 2MASS isophotal radius is 71" for this galaxy. The 2MASS magnitude is therefore highly contaminated. NGC 2974 was included in ATLAS 3D but was assigned M K = −23.62 mag, consistent with not being in our sample. 
Parameter Space
galaxies (see Sec 5.3).
2.5. Skipped Targets A total of 15 galaxies pass our selection criteria but are in the field of view of a bright star or have a companion or interacting galaxy. We list these galaxies here for completeness, but we do not include them in our candidate list because their photometry is likely to be contaminated by the near neighbor and the luminosities may be overestimated. Among the 15 galaxies, 4 have nearby stars: NGC 2974, NGC 6619, IC 947, UGC 11950; the other 11 have interacting or close companion galaxies: NGC 71, NGC 547, NGC 750, NGC 1128, NGC 4841A, NGC 5222, NGC 7318, PGC 27509, PGC 93135, UGC 2759, UGC 12591. We also exclude NGC 1275, the central galaxy in the Perseus Cluster, since it is a complex postmerger system (e.g., Canning et al. 2014 , and references therein).
GALAXY PROPERTIES
3.1. Stellar Mass A major goal of this survey is to obtain measurements of the stellar mass-to-light ratio of massive early-type galaxies from both dynamical modeling and stellar population synthesis modeling of the IFS kinematic data. In the interim, we estimate the stellar mass of the survey galaxies using a conversion between K-band luminosity and stellar mass for early-type galaxies in the ATLAS 3D sample (Cappellari 2013) :
The relation is fitted between total extinction-corrected 2MASS K-band magnitudes and dynamical stellar masses from Jeans Anisotropic MGE (JAM), where MGE is the Multi-Gaussian Expansion method (Emsellem et al. 1994 ). This scaling naturally incorporates any potential IMF changes as a function of mass. Upon the completion of the MASSIVE survey, we will be able to test the validity of this conversion for the mass range M *
10
11.5 M .
3.2. Galaxy Size The 2MASS XSC catalog lists a variety of measurements for galaxy sizes. For ease of comparison, we adopt a similar definition of the effective radius R e as Cappellari et al. (2011) . Their R e is based on the half-light radius from XSC (parameters j r eff, h r eff, and k r eff). This radius is derived from the 2MASS surface brightness profile in each band as the value of the semi-major axis of the ellipse that encloses half of the total light. We assign each galaxy a 2MASS R e using the median value in the three bands:
R e = median(j r eff, h r eff, k r eff) sup ba ,
where the parameter sup ba is the minor-to-major axis ratio measured from the 2MASS 3-band co-added image at the 3σ isophote. 5 This factor is included here to convert the semi-major axis into the radius of the circle with the same area. Cappellari et al. (2011) found the 2MASS R e for ATLAS 3D galaxies to correlate well with the optical R e from the RC3 catalog (de Vaucouleurs et al. 1991) with an rms scatter of 0.12 dex, but the 2MASS radii were smaller by an overall factor of ≈ 1.7, presumably because 2MASS is shallow (see also Lauer et al. 2007b ).
Here we compare the 2MASS R e with the optical sizes from the NASA-Sloan Atlas (NSA), which in turn is based on the SDSS DR8 spectroscopic catalog (York et al. 2000; Aihara et al. 2011 ). This version of the SDSS photometric catalog has a revised sky subtraction designed specifically to mitigate known galaxy size measurement problems for large galaxies (Blanton et al. 2011) . The NSA provides a unified analysis of local galaxies within ∼ 200 Mpc. A total of 75 MASSIVE galaxies are in the NSA. For the optical R e , we use the 50% light radius from a 2-dimensional Sérsic fit along the major axis (NSA parameter SERSIC TH50). The Sérsic indices from the NSA fits range from n = 2 to the maximum allowed n = 6.
The values of 2MASS and available NSA radii are listed in Table 3 . Figure 2 compares the physical R e from 2MASS and NSA for galaxies in the MASSIVE and ATLAS 3D surveys. We adopt a factor of 1.7 for consistency. Figure 3 shows the distributions of the 2MASS angular R e for galaxies in the two surveys. Most MASSIVE galaxies are in the range of ∼ 10 to 50 , comparable to those of ATLAS 3D galaxies. Due to the larger distances, however, the physical sizes of MASSIVE galaxies are ∼ 2 to 5 times larger. This is consistent with the large stellar masses of these galaxies. The 107 ×107 FOV of our IFS covers up to ∼ 2R e of most galaxies in the MASSIVE survey, in comparison to the 33 ×41 FOV of ATLAS 3D .
3.3. Stellar Velocity Dispersions A total of 98 MASSIVE galaxies have stellar velocity dispersion measurements in the HyperLeda database (Paturel et al. 2003 ). Among those not in HyperLeda, three have σ measurements in the SDSS (Bolton et al. 2012) . These 101 values are listed in Table 3 . The literature σ values are measured over a range of radial apertures, so HyperLeda has homogenized the measurements in a way designed to correct (on average) for aperture effects as well as other differences in technique among different studies (Prugniel & Simien 1996 ; see also Ho 2007) . The HyperLeda measurements are compiled as follows: (i) choose a subsample of galaxies with three or more σ measurements in the literature; (ii) pick those that agree within 30 km s −1 ; and (iii) for each source, derive offsets to match a gold sample of σ. The final -Ellipticity versus K-band luminosity (left panel) and ellipticity distribution (right panel) for galaxies in the MASSIVE survey (red circles) and ATLAS 3D survey (blue crosses). The ellipticity is = 1 − sup ba, where sub ba is the 2MASS XSC parameter for the minor-to-major axis ratio fit to their "3-σ super-coadd isophote." There is a dearth of high-galaxies in the MASSIVE sample. The big circles in the left panel indicate NGC 4889 (red) and M87 (blue).
reported dispersion is a weighted mean of scaled values. The corrected velocity dispersions from HyperLeda correspond to an aperture of 0.6 kpc.
The resulting range of σ (Figure 4 ) for our survey galaxies is large, starting at ∼ 200 km s −1 up to 400 km s −1 for NGC 4889. Two galaxies have anomalous σ in HyperLeda: NGC 4059 with 121 km s −1 and NGC 4055 with 500 km s −1 . We replace them with 206 km s −1 and 270 km s −1 , respectively, from the NSA. Ultimately, our survey will produce spatially-resolved 2-dimensional maps of velocities and will update all the σ measurements.
Shape
The shapes, kinematics, and masses of early-type galaxies are closely correlated. Lower-mass elliptical galaxies tend to be fast rotators and have higher ellipticities, whereas giant ellipticals rotate slowly and are mildly triaxial (e.g., Binney 1978; Davies et al. 1983; Kormendy & Bender 1996; Tremblay & Merritt 1996) . It is therefore interesting to examine the distributions in galaxy shapes for the MASSIVE and ATLAS 3D samples. Figure 5 compare the ellipticities, = 1 − sup ba, for galaxies in the two surveys, where sup ba is the 2MASS XSC parameter for the minor-to-major axis ratio fit to their "super-coadd" isophote. Only five MASSIVE galaxies have high ellipticities with 0.5, in contrast to about a quarter of the ATLAS 3D sample. These five galaxies are all in the fainter half (M K ∼ > − 25.7 mag) of our sample. We thus anticipate that a much larger fraction of our sample will be slow rotators than ATLAS 3D . Our survey data will provide direct measurements of the spatial profile of the rotation and of each galaxy.
Color
Galaxies in the MASSIVE survey are selected based on properties such as luminosity and morphology but not color. We quantify their color distribution using the photometry for the 75 MASSIVE galaxies that are in the NSA. We find that the u − r distribution is welldescribed as a Gaussian with a mean color of u − r = 2.7 ± 0.06 mag. This level of scatter is similar to those quoted in earlier work (e.g., Bower et al. 1992; Bernardi et al. 2003b; Blanton et al. 2005; Eisenhardt et al. 2007 ). The small scatter in the color-magnitude relation is most likely tied to a uniformly old age and a narrow range in stellar metallicity for these galaxies. The wide range of environments of our galaxies (see Sec 4) will enable us to identify any potential color differences among the most massive galaxies as a function of local environments.
3.6. Supermassive Black Holes Seven galaxies in our sample have published black hole masses in the literature: the three Virgo galaxies NGC 4486 Walsh et al. 2013) , NGC 4472 (Rusli et al. 2013b) , and NGC 4649 (Shen & Gebhardt 2010) ; NGC 3842 and NGC 4889 (McConnell et al. 2011a (McConnell et al. , 2012 ; NGC 7052 (van der Marel & van den Bosch 1998), and NGC 7619 (Rusli et al. 2013b ). These galaxies are located at the high end of the M BH -M * relation (McConnell & Ma 2013) , but due to the large scatter in σ vs M * (Fig. 11) , the high end of the M BH -σ relation is populated by a mixture of these massive galaxies and several others not massive enough to be in our survey. Recent efforts at measuring large M BH have all targeted high-σ galaxies (e.g., McConnell et al. 2011a McConnell et al. , 2012 van den Bosch et al. 2012; Rusli et al. 2013b) . Our survey will provide a complementary sample of M BH in galaxies selected based on high stellar mass.
GALAXY ENVIRONMENTS
In this section we investigate the larger-scale environments of galaxies in the MASSIVE survey. Massive earlytype galaxies are commonly assumed to be located at or near the centers of galaxy groups or clusters. Our survey targets the most massive galaxies within a ∼ 100 Mpc volume. Where do these M * 10 11.5 M galaxies reside? Below we quantify their environments using three group catalogs constructed from galaxy redshift surveys of the local volume. Crook et al. (2007 Crook et al. ( , 2008 ) presents a redshift-limited catalog of groups for the galaxies with K < 11.25 mag in 2MASS XSC. The FOF algorithm with two sets of linking parameters are used to create two group catalogs of differing density contrasts. The high-density-contrast (HDC) catalog lists galaxy membership in groups that have a density contrast of 80 or more, corresponding to linking parameters of 350 km s −1 along the line of sight and 0.89 Mpc in the transverse directions. The low-density-contrast (LDC) catalog is constructed with larger linking lengths of 399 km s −1 and 1.63 Mpc, corresponding to a density contrast of 12 or more.
2MRS Group Catalog
The exact membership of groups in any group/cluster catalog depends on the algorithm and linking parameters used to construct the catalog. All galaxies assigned to groups in the HDC catalog are also assigned to groups in the LDC catalog, but the converse is not true. The larger linking lengths used in LDC tend to merge smaller groups and generate more extended structures, whereas large structures tend to be fragmented into individual groups in HDC. Three galaxies in Virgo are bright enough to be in our survey; they are assigned to a single group of 205 members in HDC, and a single group of 300 members in LDC. Similarly, the four brightest galaxies in the Coma cluster are in our survey. They are all properly assigned to a single group in both the HDC and LDC catalogs, containing 49 and 84 members, respectively.
Two measurements of the mass of each group are provided in Crook et al. (2007) , one based on the virial estimator and the other based on the projected mass estimator. The virial mass estimator is computed from the line-of-sight velocity dispersion and mean harmonic projected separation of group members. The latter quantity is sensitive to close pairs and can be noisy, in particular for groups not uniformly sampled spatially. The projected mass estimator (Heisler et al. 1985 ) is designed to give equal weights to group members at all distances. This mass estimator depends on the mean eccentricity of the orbits and is parameterized by an overall coefficient f pm that typically is not measured and must therefore be assumed. The parameter f pm ranges from 32/π for isotropic orbits to 64/π for radial orbits, independent of the mass distribution. The Crook et al. (2007) catalog assumes f pm = 32/π, which yields the smallest mass. Table 2 lists the statistics of the environment of our candidate galaxies classified by the HDC and LDC group catalogs. As expected, more galaxies are identified as being in groups in the LDC catalog. Figure 6 plots the distribution of the virial halo mass of the HDC groups in which the MASSIVE galaxies reside. The black histogram shows the halo distribution of all 90 galaxies in Notes. Number of MASSIVE galaxies that are (1) group-less, i.e., "isolated" and have no group members; (2) in groups of three or more members; and (3) the brightest galaxy in its group. Three galaxy group catalogs are shown: the High-Density-Contrast (HDC) and Low-Density-Contrast (HDC) Catalogs of Crook et al. (2007) and the 2M++ Catalog (Lavaux & Hudson 2011) . Fig. 6 .-Distribution of dark matter halo masses for the 90 MASSIVE galaxies that reside in groups in the HDC catalog (black histogram). The halo mass is obtained from the virial mass estimator (Sec 4.1). Among the 90, 65 are the brightest group galaxies (BGG) in their respective groups (red histogram). The two histograms show that the 39 MASSIVE galaxies in the lower-mass groups are always the BGGs, whereas for those in groups with M halo 10 13.75 M , about 50% are not BGGs.
groups, and the red histogram plots the subset of 65 brightest group galaxies (BGGs). The agreement of the two histograms at M halo 10 13.75 M indicates that the 39 MASSIVE galaxies in these lower-mass groups are all BGGs. By contrast, only 27 of the 51 galaxies in the higher-mass groups are BGGs.
2M++ Group Catalog
As a comparison study, we examine the environmental properties of the MASSIVE galaxies in the 2M++ galaxy redshift catalog of Lavaux & Hudson (2011) . This more recent compilation of 69,160 galaxy redshifts is based on the 2MASS photometric catalog for target selection and uses primarily the redshifts from SDSS-DR7, 6dfGRS, and 2MRS. The catalog covers nearly the full sky and reaches depths of K = 12.5, in comparison to K = 11.75 mag for 44,599 galaxies in 2MRS. Groups in this catalog are identified by the FOF algorithm with linking param- A total of 93 MASSIVE galaxies are identified to reside in groups by the 2M++ catalog, similar to 90 in HDC (see Table 2 ). Figure 7 shows that the numbers of group members are reasonably consistent between the two catalogs. For the handful galaxies that are assigned to a group in one catalog but not in the other, most of them reside in small groups of low velocity dispersion and low membership, a regime that is more sensitive to the different linking parameters and parent samples used in the two catalogs.
Groupless Galaxies
Not all MASSIVE galaxies are associated with groups (of three or more members) in the Crook or 2M++ catalogs: 26 galaxies are not in groups according HDC, and 23 galaxies are not in 2M++ groups. Among these, 17 galaxies are groupless in both catalogs. These galaxies are relatively isolated and presumably live in low-density environments. Any satellite galaxy, if present, is likely to be faint.
A handful of these 17 groupless galaxies had been targeted for X-ray observations. Three have archival Chandra and/or XMM-Newton observations: NGC 57, NGC 4555, and NGC 7052. (Donato et al. 2004 ). These groupless galaxies and other galaxies in lowrichness groups in our survey form an interesting subsample of targets for further studies. For instance, we are investigating whether the groupless galaxies have faint optical companions and satisfy the criterion of being fossil groups (Ponman et al. 1994; Jones et al. 2003) . Overall, our survey galaxies span only a factor of ∼ 3 in stellar mass (Fig. 1) but a much wider range in halo mass (Fig. 6 ) and group membership (Fig. 7) , providing an excellent sample for studying environmental effects on galaxy formation (Mulchaey & Jeltema 2010) . The Mitchell Spectrograph is an optical integral-field spectrograph with a large field of view (107 × 107 ) and 4.1 diameter fibers. The 246 fibers are evenly-spaced and assembled in an array similar to Densepak on the WIYN telescope (Barden et al. 1998 ) with a one-third filling factor.
We use the low-resolution blue setting (R ≈ 850) of the Mitchell Spectrograph. The wavelength coverage spans 3650 to 5850Å, including the Ca H+K region, the Gband region, Hβ, the Mgb region, and several Fe absorption features. The spectral resolution varies spatially and with wavelength but has an average of 5Å FWHM, corresponding to a dispersion of ∼ 1.1Å pixel −1 and σ ∼ 100 − 150 km s −1 . We observe each galaxy with three dither positions of equal exposure time to obtain a contiguous coverage of the field of view. For each dither position, we interleave a ten-minute exposure on sky with two twenty-minute on-target science frames. Each galaxy is therefore observed for a total of ≈ 2 hours on source. The data reduction is performed using the Vaccine package Murphy et al. 2011) . Flux calibration and final reduction are done with the software developed for the VENGA project (Blanc et al. 2009 (Blanc et al. , 2013 . The flux calibration is quite robust, with < 10% disagreement in continuum shape between the central Mitchell fiber and SDSS spectra when available (Greene et al. 2012 .
As a demonstration of early results from our survey, we show in Figure 8 the spectra for a range of radial bins for NGC 1600 from our Mitchell IFS data taken in October 2013. Figure 9 shows the 2-dimensional stellar kinematic maps for NGC 1600. We use the penalized pixelfitting (pPXF) method (Cappellari & Emsellem 2004) to extract the stellar line-of-sight velocity distribution (LOSVD) function f (v) from the absorption line features in our spectra. As input templates, we use the MILES library of 985 stellar spectra, covering the wavelength range of 3525-7500Å at 2.5Å (FWHM) spectral resolution (Sánchez-Blázquez et al. 2006) . The pPXF routine convolves the MILES stellar templates with f (v) modeled as a GaussHermite series (up to order 6):
where H m (x) is the mth Hermite polynomial and given by
(5) Figure 9 shows the 2-dimensional maps of the best-fit Gauss-Hermite velocity moments V, σ, h 3 , and h 4 from our Mitchell IFS observations of NGC 1600. We will discuss in separate papers the details of this analysis, tests of systematics including spectral regions used in the fits and robustness of the higher-order Gauss-Hermite moments, and kinematic results for other MASSIVE galaxies (Janish et al. 2014).
5.2. AO-assisted IFS For a subset of MASSIVE galaxies suitable for AOassisted observations, we are acquiring high-resolution data to perform new measurements of black hole masses M BH using stellar dynamics. We use NIFS and the AL-TAIR adaptive optics system with both natural guide star (NGS) and laser guide star (LGS) on the 8 m Gemini Observatory North telescope, and OSIRIS (Larkin et al. 2006 ) and LGS-AO system on the 10 m W. M. Keck I telescope.
The literature contains M BH measurements for seven galaxies in our MASSIVE sample (see Sec 3.6). We are preparing M BH measurements for six additional MAS-SIVE galaxies based on our existing AO data; seeinglimited IFS data at ∼ 0.4 resolution may yield up to four more. Our ongoing campaign with AO instruments will extend the sample of M BH in MASSIVE galaxies still further.
Because MASSIVE galaxies are selected for extreme stellar masses, and because they lie within a factor of two in distance (54-108 Mpc), much of the variation in the angular size of the radii of influence of the central black holes results from the cosmic scatter in M BH . In this case the primary limiting factor for AO selection is central surface brightness: fainter than µ K = 13.5 mag arcsec −2 , high-resolution observations are prohibitively expensive. Within the acceptable range of surface brightnesses, we typically require four to eight hours of AO observations per target, including science and sky frames, calibration stars, and overheads.
Deep K−band Imaging
Most of our science goals require a deep luminosity profile for each galaxy. We are obtaining deeper K-band imaging for the MASSIVE sample using a combination of WFCAM on UKIRT and WIRCam on CFHT. We choose K-band because it (i) traces the old populations that compose most of the stellar mass in early-type galaxies;
(ii) minimizes dust extinction; (iii) allows for uniform calibration using 2MASS; and (iv) facilitates comparison of black hole masses across galaxy populations via the M BH -L K relation.
In order to trace the extended halos of luminous earlytype galaxies and measure accurate total magnitudes, it is desirable to reach a surface brightness limit ∼ 3 mag arcsec −2 fainter than 2MASS (cf. Appendix B of Lauer et al. 2007b ). The 2MASS 3σ K surface brightness limit is µ K = 18.6 mag arcsec −2 (Jarrett et al. 2000) , which corresponds roughly to the often quoted 1σ value of µ K ∼ 20 mag arcsec −2 . Thus, in terms of AB mag, we are aiming to achieve a 3σ surface brightness limit of ∼ 23.6 mag arcsec −2 (3 mag in depth plus 2 mag AB conversion).
EXAMPLES OF SURVEY SCIENCE
The MASSIVE survey is designed to study the most massive galaxies in the universe today, a parameter space that has not been systematically explored with IFS to date. With the nearly 2 field of view of the Mitchell spectrograph, we will cover about twice the effective radius of most galaxies in the survey. The additional AO data for a subset of the galaxies will probe sub-arcsec scales down to the gravitational sphere of influence of the central supermassive black hole (∼ 100 pc). The following sections list some of the key science results that can be expected from the survey. This list is by no means exhaustive.
Stellar Mass-to-Light Ratio and IMF
Our kinematic measurements at large radius, combined with Schwarzschild orbit modeling, allow us to measure the dark matter halo mass and the dynamically inferred stellar mass-to-light ratio (M * /L) dyn . At the same time, stellar population synthesis modeling of our Mitchell spectra in the blue combined with our K−band imaging and space-based photometry in the mid-infrared provide an independent measurement of the stellar mass, yielding (M * /L) pop . The observed increase in the ratio of (M * /L) dyn /(M * /L) pop in galaxies with increasing σ has been interpreted as a change in the IMF (e.g., Treu et al. 2010; Auger et al. 2010; Cappellari et al. 2012; Sonnenfeld et al. 2012; Tortora et al. 2013; Dutton et al. 2013; Barnabè et al. 2011 Barnabè et al. , 2013 , but it could also indicate a degeneracy with the dark matter distribution (e.g. Thomas et al. 2011; Wegner et al. 2012) . A number of independent approaches, including direct measurements of gravity-sensitive stellar features and gravitational lensing, have pointed towards an IMF that becomes more top-heavy in galaxies with higher stellar velocity dispersions (e.g., Conroy & van Dokkum 2012; Spiniello et al. 2014; Oguri et al. 2014) . Some recent results, however, are not consistent with an increasingly top-heavy IMF in all systems (e.g., Smith & Lucey 2013; Rusli et al. 2013b; Smith 2014) . The sample size and dynamic range in mass of the MASSIVE survey will improve the constraints on any possible mass dependence of the IMF.
Radial Gradients and Assembly History
Massive early-type galaxies have experienced dramatic size evolution, by factors of 2-4, from z ≈ 2 to the present (e.g., van Dokkum et al. 2008) . One way to understand the physical mechanisms responsible for this growth is to study spatial gradients in the stellar populations and kinematics beyond the half-light radius of present-day ellipticals. Since the dynamical times in the outskirts of these galaxies are long, the stars can potentially remember their origin both in their overall distribution (Naab et al. 2007; Oser et al. 2010; Hilz et al. 2013 ) and their degree of angular momentum (e.g., Davies et al. 1983; Franx et al. 1991; Krajnović et al. 2011; Wu et al. 2014; Arnold et al. 2013; Naab et al. 2013; Krajnović et al. 2013; Raskutti et al. 2014) .
Sensitive spectroscopic observations of stellar populations at large radius are still relatively scarce (e.g., Carollo & Danziger 1994; Mehlert et al. 2003; Kelson et al. 2006; Weijmans et al. 2009; Spolaor et al. 2010; Pu et al. 2010; Pastorello et al. 2014; Martín-Navarro et al. 2014; Greene et al. 2012 Greene et al. , 2013 . The MASSIVE survey will contribute the largest set of IFS data to date for slowly rotating nearby early-type galaxies in a wide range of large-scale environments. In combination with our deep K-band imaging, we will also investigate any correlations between rotation as a function of radius and isophotal shape (e.g., Bender et al. 1989; Arnold et al. 2013 ).
Black Hole-Galaxy Correlations
New kinematic data and modeling efforts in the past several years have substantially expanded and revised dynamical measurements of M BH . As samples of dynamical black hole masses increase at both the highest masses (e.g., McConnell et al. 2011a McConnell et al. ,b, 2012 Rusli et al. 2011 Rusli et al. , 2013b van den Bosch et al. 2012; Walsh et al. 2013 ) and in spiral galaxies (e.g., Greene et al. 2010; Kuo et al. 2011; Beifiori et al. 2012; Sun et al. 2013) , it becomes increasingly clear that more data are needed to better quantify the intrinsic scatter and mass dependence in the scaling relations between M BH and properties of their host galaxies (McConnell & Ma 2013; Kormendy & Ho 2013) .
A systematic survey of dynamical black hole masses in the most massive galaxies (without preselection based on current scaling relations) will substantially improve our leverage on the intrinsic scatter in the relations as a function of mass, which may discriminate between different models for galaxy-black hole coevolution (e.g., Peng 2007; Hirschmann et al. 2010; Jahnke & Macciò 2011; Anglés-Alcázar et al. 2013) . Knowledge of the intrinsic scatter in M BH is crucial for calculating the quiescent black hole mass function, as is understanding whether stellar mass or stellar velocity dispersion is a better predictor of black hole mass (e.g., Lauer et al. 2007b,a) . In addition to providing key constraints on current theories of black hole and galaxy growth, these scaling relations are also a critical input in numerous applications that rely on black hole demographics, e.g., the predicted contributions from merging supermassive black hole binaries to the gravitational wave background targeted by the ongoing pulsar timing experiments (van Haasteren et al. 2011; Demorest et al. 2013; Shannon et al. 2013) and LISA.
In addition to the 12 MASSIVE galaxies with existing or imminent M BH measurements, nine galaxies in the M BH sample of McConnell & Ma (2013) feature published IFS kinematics and line indices out to > 1R e , primarily from ATLAS 3D . As the sample of objects with two-dimensional wide-field data grows across a range of galaxy masses, we will attain improved leverage to explore trends between black hole growth and more detailed aspects of galaxies' star formation and assembly histories. Cores in central light profiles within a few 100 pc are often seen in massive galaxies. These cores are thought to be a sign of black hole scouring (Begelman et al. 1980) , consistent with several scaling relations between core size and other galaxy properties (e.g., Faber et al. 1997; Ferrarese et al. 2006; Lauer et al. 2007b; Rusli et al. 2013a) . While the analysis of central stellar orbits provides direct evidence for core scouring and, thus, for a dissipationless growth of core galaxies (Thomas et al. 2014) , the combination of highresolution central kinematical data and large-scale galaxy properties in the MASSIVE sample will provide clues on the details of the assembly history of massive elliptical galaxies.
6.4. The R e − L and σ − L Relations The tight scaling relations among size, luminosity, and stellar velocity dispersion of early-type galaxies (e.g., Faber & Jackson 1976; Kormendy 1977; Dressler et al. 1987) have long been used to constrain galaxy assembly (e.g., Boylan-Kolchin et al. 2005; Robertson et al. 2006 , and references therein). With our spatially resolved stellar kinematics and deep K−band imaging, we will refine the measurements of the galaxy scaling relations by adding galaxies at the most massive end (e.g., Bernardi et al. 2003a) . Figure 10 plots the 2MASS R e (multiplied by 1.7; see Sec 3.2) and M K relation (e.g., Kormendy 1977) for MASSIVE and ATLAS 3D galaxies. Figure 11 shows the stellar velocity dispersion and M K for the 101 MASSIVE galaxies with existing σ measurements. We emphasize that no cuts are made on either R e or σ in our sample selection. These plots are only meant to illustrate the demographics of our survey galaxies based on currently available data. We will improve these measurements to address possible biases in 2MASS M K (Sec 2.3) and massive galaxy sizes (e.g., Bernardi et al. 2012) and to study the distribution of our galaxies in projections of the fundamental plane (e.g., Lauer et al. 2007b; ).
6.5. X-Ray Gas and Halo Mass Roughly 30% of the galaxies in the MASSIVE survey have archival Chandra/XMM X-ray observations that are sensitive enough to detect thermal emission from the hot halo gas. If the gas is in thermal equilibrium, then the ratio L X /M * reflects the ratio of dark matter halo to stellar mass. Empirically, large scatter (factor of ∼ 100) is found between L X and L K (e.g., Forman et al. 1985; Fabbiano 1989) , and there are hints that the slope and scatter depend on environment (Mulchaey & Jeltema 2010) . Likely at play are both intrinsic scatter in the relation between stellar and dark halo mass, and non-equilibrium conditions in the hot gas, e.g., due to AGN feedback (Diehl & Statler 2008; Dunn et al. 2010) .
There is a hint of a tighter correlation between L X and total dynamical mass (stellar and dark matter halo but the sample with independent dynamical halo masses and deep X-ray observations is small, and M87 is still the most massive galaxy included. With MASSIVE, we will revisit the L X /L K and L X /M tot relations for a large and well-defined sample with uniform dynamical halo masses and a range of environments. We may also explore the importance of radio jets in keeping the halo gas from cooling (Allen et al. 2006; McNamara & Nulsen 2007) .
SUMMARY
MASSIVE is a comprehensive IFS survey of a volumelimited and mass-selected sample of the most massive early-type galaxies within ∼ 108 Mpc. MASSIVE is the first IFS survey to specifically target galaxies with M * > 10 11.5 M . We exploit the large (107 ×107 ) areal coverage of the Mitchell Spectrograph to obtain stellar population and kinematic information beyond twice the effective radius, while using AO-assisted IFS data on small scales to probe the sphere of influence of the supermassive black hole. The sample galaxies span a narrow range in stellar mass, but a wide range in stellar velocity dispersion, size, and large-scale environment. Thus, we are poised to determine the relationships between central black hole mass, stellar mass, and dark halo mass for the most massive galaxies in the universe today. This research has made use of the HyperLeda database and the NASA/IPAC Extragalactic Database (NED) which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration. Notes. Column (1): in order of increasing R.A. Column (2): right ascension in degrees (J2000.0). Column (3): declination in degrees (J2000.0). Column (4): distance. Symbol * indicates SBF distances; others are from group-corrected flow velocities, as described in Sec 2.2. Column (5): "total" galaxy apparent K-band magnitude from 2MASS XSC (parameter k m ext). Column (6): foreground galactic extinction in Landolt V -band (Schlafly & Finkbeiner 2011) with reddening relation of Fitzpatrick (1999) . Column (7): extinction-corrected "total" absolute K-band magnitude derived from distance in column (4), apparent magnitude in column (5), and foreground extinction in column (6), using eq. (1). Column (8): central stellar velocity dispersion from HyperLeda. Three additional values from the NSA are used for NGC 3816, NGC 4066, and NGC 5208. Column (9): effective radius from 2MASS, defined in eq. (3). Column (10): optical half-light radius from the NASA-Sloan Atlas. Column (11): galaxy environment."B" indicates brightest group galaxy in the HDC catalog. Column (12): additional comments, e.g., alternative names.
APPENDIX
x The foreground extinction for these two galaxies are above our cut of A V = 0.6. They are included because we have prior Mitchell IFS data. NGC0080  NGC0128  NGC0227  NGC0315   NGC0383  NGC0410  NGC0467  NGC0499  NGC0507   NGC0533  NGC0665  NGC0741  NGC0777  NGC0997   NGC1016  NGC1060  NGC1066  NGC1132  NGC1129   NGC1167  IC0310  NGC1272  UGC02783  UGC03894   NGC2418  NGC2492  NGC2513  NGC2672  NGC2693 NGC2783  NGC2832  NGC2892  NGC2918  NGC3158   NGC3209  NGC3332  NGC3462  NGC3615  NGC3805   NGC3816  NGC3842  NGC3862  NGC3937  NGC4055   NGC4065  NGC4066  NGC4059  NGC4073  NGC4213   NGC4472  NGC4486  NGC4555  NGC4649  NGC4816   NGC4839  NGC4874  NGC4889  NGC4914  NGC5129 NGC5208  PGC047776  NGC5252  NGC5322  NGC5353   NGC5490  NGC5557  UGC10097  NGC6364  NGC7386   NGC7436  NGC7550  NGC7556  NGC7619  NGC7626 NGC7681 Fig. 12. -Red-blue-green composite images of SDSS photometry for 76 MASSIVE galaxies. The rest of the sample is not in the SDSS footprint. Each postage stamp shows a 220 ×220 field of view. The three exceptions are the Virgo galaxies NGC 4472, NGC 4486, and NGC 4649, which are zoomed out to 340 ×340 . We note that NGC 4472 was in SDSS but not in NSA. We speculate that Snowden deleted the 4472 files when he absconded from the NSA.
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